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ABSTRACT. External losses were h e l d  t o  a m i n i m u m  by s e t t i n g  
t h e  amplitudes of t h e  radial  displacements of a g l a s s  and'  
p l a s t i c  cyl inder  a t  resonant frequencies.  T h e  damping 
coe f f i c i en t  o f  s u c h  a s h e l l  exceeds analogous values f o r  
a steel s h e l l  by a f ac to r  of approximately 15. 

The s tudy of t h e  damping of v ibra t ions  i n  s h e l l s  i s  hindered by t h e  com- /121* 

p l ex i ty  of t h e  compressed--deformed s t a t e  of t h e  s h e l l s  and t h e  lack of simple 

r e l a t ionsh ips  between t h e  p a r t s  themselves and t h e  corresponding wave numbers. 

Contradictory s ta tements  a re  found i n  [l-31 regarding damping of v ibra t ions / l22  

i n  cy l ind r i ca l  s h e l l s ,  and t h e  na ture  of t h e  change i n  t h e  damping coe f f i c i en t  

as a funct ion of wave numbers. Experiments on aluminum s h e l l s  [2] ind ica ted  

t h a t  damping coe f f i c i en t  values are constant over a wide range of f requencies .  

Similar  s t u d i e s  of t h e  damping of v ibra t ions  i n  s t e e l  s h e l l s  [l] revealed t h e  

exis tence of a r e l a t ionsh ip  between t h e  damping coe f f i c i en t  and t h e  wave numbers. 

I t  is  important t o  note ,  however, t h a t  these  experimental s tud ie s  were con- 

ducted at normal pressure  and dens i ty  of t h e  ambient medium, without considering 

t h e  amplitudes of t h e  l i n e a r  v e l o c i t i e s .  Hence, it was not  poss ib l e  t o  d iv ide  

t h e  energy losses  incurred through v ib ra t ion  i n t o  i n t e r n a l  and ex te rna l  ones, 

caused by r e s i s t ance  of t h e  medium and acous t ic  r ad ia t ion .  

In  t h i s  r epor t ,  t h e  ex terna l  

losses  did not vary dilring 

t h e  inves t iga t ion .  This 

was accomplished by s e t t i n g  

t h e  amplitudes of t h e  r a d i a l  

displacements a t  r e s  onant 

frequencies s o  t h a t  t h e  amp- 

Figure 1 .  l i t u d e s  of  t h e  l i n e a r  

*Numbers i n  margin i n d i c a t e  paginat ion i n  t h e  fore ign  t e x t .  
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' v e loc i t i e s .  assumed-values t h a t  remained close toge ther  over the  e n t i r e  

range of inves t iga ted  frequencies.  

The study of t he  processes of; damping of v ibra t ions  i n  f r e e l y  open s h e l l s  

of g l a s s  and p l a s t i c  was conducted on an experimental se tup  of which an over- 

a l l  view of given i n  Figure 1. 

centers  of  an ad jus tab le  mechanism. 

The s h e l l  i s  mounted on end supports a t  t h e  

The v ib ra t ions  a r e  exci ted i n  the  s h e l l  

by one o r  ( i f  necessary) s eve ra l  electromagnets, powered by a GZ-12 audio- 

frequency generator .  

where harmonic fo rce  is  appl ied.  

S t e e l  disks  a r e  a t tached t o  t h e  s h e l l  a t  t h e  po in t s  

The tests were conducted using a three- l~ayered s h e l l  (496 mm long, 163 mm 

i . d . ,  1 mm wal l ) ,  produced by winding No. 9,6 a l k a l i - f r e e  g l a s s  thread on a 

spec ia l  mandrel. 
coincides with t h e  length of t he  s h e l l ,  and i n  t h e  middle l aye r  with the  

generatr ix  of  t h e  s h e l l .  

epoxy r e s in ,  Type "A" b a k e l i t e  varnish,  and BF-4 cement. The s h e l l  was cured 

a t  423'K f o r  30 hours.  

The d i r e c t i o n  of t h e  threads i n  the  inner  and ou te r  layers  

The binder  used t o  make the  s h e l l  contained ED-6 

The logari thmic decrement of t he  v ib ra t ions  as determined from oscil lograms 

of t he  f r e e  damping v ib ra t ions  of the s h e l l  were used as the  damping character-  

i s t i c .  The oscil lograms were recorded a s  follows: t he  s h e l l  was first 
/123 brought t o  t h e  resonance and the  pos i t i on  of one of t h e  antinodes of t he  - 

vibra t ions  was determined, t o  which a miniature  p i e z o e l e c t r i c  accelerometer 

weighing 3 . 2  g was then at tached.  

a U2-6 ampl i f ie r  t o  the corresponding loop of an MPO-2 osci l lograph.  

was again brought t o  resonance, the  recording was made, and the  power c i r c u i t  

of the  v i b r a t d r  was disconnected. 

subsequent damping o s c i l l a t o r y  process were recorded. 

vibrograms of f r e e  damping v ib ra t ions  f o r  f 

The s igna l  from t h i s  sensor passed through 

The s h e l l  

In this  way, t h e  resonance mode and t h e  

Figure 2 shows t y p i c a l  

= 429 Hz; f l  - = 668 H z ,  and 1-4 
f3-$ = 976 Hz. 

The amplitude values of  t h e  changes i n  the  antinodes of  t h e  v ib ra t ions  i n  

the  resonance mode a r e  ca lcu la ted  by t h e  formula 
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where o is t h e  amplitude of  t he  v ib ra t ions  i n  mm, K i s . t h e  acce lera t ion  i n  
2 
l m-n cm/sec ; f i s  the  frequency of t he  v ib ra t ions  i n  Hz .  

F i g u r e  2. 

- .  

The magnituge of  t h e  accel: 

e r a t i o n  i s  determined by a PIU-1M 

p i e z o e l e c t r i c  accelerometer and 

a Type PDU-1 sensor,  having an 

amplitude g r e a t e r  than 15 p, with 

the  a i d  of a cathetometer with 

an accuracy of  +1 p. 

The r e s u l t s  of  an ana lys i s  

of  t h e  oscil lograms of t h e  damp- 

ing v ib ra t ions ,  obtained f o r  
amplitudes of displacements i n  

resonance within the  l i m i t s  of  5 f 20 11, a r e  shown i n  Figure 3 i n  t he  form 

of curves, represent ing t h e  logari thmic decrement as a funct ion of t he  wave 

numbers m ( the  number of half-waves of deformations i n  the  d i r e c t i o n  of t h e  

gene ra tmix  of t he  s h e l l )  and n - ( t h e  number of waves of deformations along 

the  length of the  s h e l l ) .  These curves have a complex na ture  and have two 

extrema, 

a r e  observed a t  wave numbers corresponding t o  the  minima of t he  frequency curves. ,124 

The l a r g e s t  value f o r  a l l  t h e  decrements obtained is r e l a t e d  t o  t h e  minimum 

(fundamental) frequency of t h e  v ib ra t ioxs  of t he  s h e l l .  

The m'aximum values of t h e  logari thmic decrements of t h e  o s c i l l a t i o n s  

The minima of t h e  

curves i n  Figure 3 are much more weak 

higher  values  of n .  

F i g u r e  3 .  

l y  pronounced and correspond t o  mich 

Figure 4 shows t h e  curves repre-  

sen t ing  t h e  damping c o e f f i c i e n t  (h = 

= 6f 
b e r s  m and n.  The curves have t h e i r  

minima a t  t h e  same values of n as the  

curves of t h e  logari thmic decrements 

) as a function of t h e  wave num- 
m-n 

i n  Figure 3; t h e  na ture  of these  curves 

is  i n  good agreement q u a l i t a t i v e l y  with 

t h e  curves i n  [l] . 
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Figure 4. 

, 1  

In  t h e  q u a n t i t a t i v e  r e l a t i o n -  

s h i p  t h e  damping c o e f f i c i e n t  of 

t h e  s h e l l  i nves t iga t ed  i n  t h i s  

paper  exceeds t h e  analogous 
values  f o r  a s t e e l  s h e l l  by a 

f a c t o r  of approximately 15. 
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